Systematic reviews are structured reviews that use scientific strategies to reduce bias in the collection, appraisal, and interpretation of relevant studies. We undertook a systematic review of published systematic reviews in perioperative medicine to summarize the areas currently covered by this type of literature, to evaluate the quality of systematic reviews in this field, and to assess some of the methodologic and reporting issues that are unique to systematic reviews. Computerized bibliographic databases, citation review, and hand searches were performed to identify eligible articles. Quality was assessed using the Overview Quality Assessment Questionnaire. Eight-two systematic reviews were found. Reviews in perioperative medicine tended to evaluate prophylactic or therapeutic interventions. No differences were seen in quality between reviews published in anesthesia and nonanesthesia journals. Nearly half of all systematic reviews had only minor or minimal flaws; however, methods can be improved with expanded search strategies, use of least two reviewers to assess each study, use of validated methods to evaluate quality, and assessment of potential sources of bias.
(Anesth Analg 2001;92:700 -9) R eview articles provide summaries of pertinent information. However, like primary articles, review articles can vary in their quality with respect to validity and clinical relevance. There are two types of review articles: narrative reviews and systematic reviews. Narrative reviews are easy to read, summarize lots of information on a subject, and often provide recommendations from clinical experts. The methods for data collection, synthesis, and interpretation are not usually reported; therefore, the completeness of information and the conclusions must be taken at face value. Unfortunately, narrative reviews can delay identification of effective or harmful interventions by 10 to 15 yr (for example, in treatment of myocardial infarction) when compared with systematic reviews (1) .
In contrast, systematic reviews, by definition, are reviews that use scientific strategies to reduce bias in the collection, appraisal, and interpretation of relevant studies (2) . Systematic reviews have been used in a number of health care specialties to summarize existing information on a specific topic, to provide estimates of effects of established interventions before the planning of clinical trials, and to provide supporting evidence for practice guidelines. Evidence from systematic reviews may also play a role in health policy development (3) .
In anesthesia, a number of challenges face the clinician who wishes to use systematic reviews as a tool for acquiring knowledge. First, in contrast to specialties such as internal medicine and obstetrics, few systematic reviews have been published in peer-reviewed journals on topics related to anesthesia (4) . Second, management issues in anesthesia often overlap with other specialties (for example, fluid resuscitation) and may be published in nonanesthesia journals. Thus, reviews with important information could be missed. Third, there is little information relating to the quality of published systematic reviews. The quality of such reviews has been evaluated in chronic pain research but no information is available on other areas of anesthesia (5) .
To examine these challenges, from April to June 1999, we undertook a systematic search for systematic reviews published on management issues relevant to anesthesia with the following goals in mind:
1. To review the subject content of systematic reviews published on topics relevant to anesthesia and highlight areas they have not covered. 2. To evaluate the quality of these systematic reviews with respect to type of journal (anesthesia or nonanesthesia) and, for reviews of interventions, direction of clinical conclusions (effective or not effective) using a validated scale. 3. To highlight some methodological and reporting issues affecting the systematic reviews.
Our hope is that this paper will enable readers to understand the structure of systematic reviews and be aware of the topics that have been reviewed in this fashion thus far. As well, for readers with methodological or editorial interests, we provide an evaluation of the quality of systematic reviews in anesthesia and identify priorities for methodological or reporting improvement.
Methods

Identification of Relevant Reviews
Systematic reviews published on management issues relevant to anesthesia were identified by literature search of MEDLINE (1966 to June 1999), EMBASE (1988 to June 1999), CINAHL (1982 to June 1999), and the Cochrane Library (1999 issue 2). The initial search strategy was designed for MEDLINE (Table 1) and then tailored to the other bibliographic databases. The reference lists of all articles were reviewed and our personal files were searched to identify additional citations. Finally, the January 1999 to June 1999 issues of the top five general anesthesia journals based on citation impact factor (Anesthesiology, Anesthesia & Analgesia, British Journal of Anesthesia, Anesthesia, and Canadian Journal of Anesthesia) were hand searched for additional citations. Authors of systematic reviews were not contacted.
Selection of Relevant Reviews
All citations were reviewed independently by three of the authors (PTC, SHH, NM) for inclusion in this review. Disagreements were resolved by consensus. A citation was considered relevant for this review if it met the following inclusion criteria.
• The article had to review issues relating to the diagnosis, causation, harm, prognosis, prevention, or treatment of conditions relating to anesthesia. We included articles that reviewed issues in fluid therapy, invasive monitoring, and mechanical ventilation if the issue was relevant to perioperative care. For example, reviews on techniques of central venous cannulation would be included but reviews on frequency of central venous catheter changes would be excluded. We excluded nonacute pain reviews as this area has been reviewed previously (5). Reviews of methodological or biostatistical issues in anesthesia were excluded. When duplicate publication occurred (for example, publication in the Cochrane Library and in a peer-reviewed journal), the article providing the most comprehensive review of the literature was used.
• The article had to be described as a "systematic review," "systematic overview," "quantitative review," or "meta-analysis." • The article had to have been published in a peerreviewed publication. Unpublished work, abstracts, letters, and conference proceedings were excluded. No language exclusion was applied.
Evaluation of Systematic Reviews
The primary outcome of interest was the overall quality of each systematic review. Each included review was appraised independently by the same three authors using the Overview Quality Assessment Questionnaire (OQAQ, Fig. 1 ) (5). The OQAQ is a validated checklist that asks nine questions on the methodological quality of the review. Each question can be answered as "yes," "partially/can't tell," or "no." Based on the replies to the nine questions, the overall quality is graded using a 7-point Likhert scale. Differences among assessors were resolved by consensus. In addition to evaluating methodology, the clinical topics, the conclusions, and publication information were also examined for each review.
Statistical Analysis
Given the use of ranks in the OQAQ and the likelihood that the assumption of normal distribution could not be made, the median was used as the statistic for central tendency and nonparametric tests were used for comparisons regarding methodological quality. We compared quality scores between anesthesia and nonanesthesia journals and between individual anesthesia journals using the Mann-Whitney U-test and the Kruskal-Wallis nonparametric analysis of variance test respectively. For reviews of interventions, the distribution of quality scores of review articles reporting "effective" and "not effective" were compared using the 2 statistic with Yates' correction.
Results
We identified 153 citations. Seventy-one citations were excluded (three duplicate publications, eight abstracts or letters, 17 narrative reviews, 13 citations of nonacute pain topics, 21 citations of nonanesthesia topics, and nine articles on research methodology or informatics in anesthesia). Eighty-two citations met inclusion criteria (6 -87) .
Clinical Findings
Systematic reviews have been used to examine many topics in anesthesia ( Table 2 ). The areas most frequently reviewed have been interventions for treatment of acute pain (22.0%), interventions for prevention or treatment of postoperative nausea or vomiting (19.5%), choice of crystalloids or colloids for fluid therapy (9.8%), alternatives to homologous blood transfusion (8.5%), and regional anesthesia for labor or Cesarean delivery (8.5%). The majority of reviews evaluated interventions for prevention or treatment. Diagnosis or harm was the subject of only eight reviews (6, 12, 44, 49, (55) (56) (57) 76) . Incidence, prognosis, patient or economic preferences have not been subject to systematic review.
Methodological Quality
Inter-rater reliability for the OQAQ was 0.89. Thirtyfour reviews (41.5%) had minor or minimal flaws (OQAQ score of 5 or more). Analysis of the component scores of the OQAQ revealed that 73.2% stated search methods to find evidence, 59.8% had a reasonably comprehensive search, 80.5% reported inclusion criteria, 56.1% used measures to avoid selection bias, 48.8% reported criteria used to assess validity of included studies, 47.6% used appropriate criteria for validity assessment, 81.7% reported the methods used to combine findings of relevant studies, and 70.7% had conclusions supported by the data or analysis reported in the review. In addition, no language restriction was used in 84.1% of all reviews. Of the reviews that reported Table 3 summarizes the component scores of the OQAQ and other considerations related to methodology by type of journal. No significant differences were seen between reviews published in anesthesia and nonanesthesia journals. Table 4 enumerates the number of reviews by the overall OQAQ score and type of journal. Median OQAQ score for reviews published in anesthesia and nonanesthesia journals were 4 and 6 respectively and the difference was not statistically significant (P ϭ 0.089). There was no statistically significant difference in the quality scores of reviews published between the 11 anesthesia journals (P ϭ 0.435); however, the number of reviews published in some journals was small. Of the 77 reviews of interventions, there was no statistically significant difference in the proportion of reviews that concluded an intervention was effective when reviews with minimal or minor flaws were compared with those with major or extensive flaws (17/33 versus 26/44, P ϭ 0.643).
Publication Details
The number of systematic reviews published in the anesthesiology literature has increased yearly; the majority were published in the past five years (Fig. 2) . We did not find anesthesia systematic reviews published before 1989. Anesthesia systematic reviews were published in anesthesia journals (61%), nonanesthesia medical journals (30.5%), nursing journals (2.4%), and other publications such as the Cochrane Library (6.1%). Half of all reviews were published in the British Journal of Anesthesia (14.6%), Anesthesia & Analgesia (13.4%), Anesthesiology (8.5%), British Medical Journal (7.3%), or Acta Anaesthesiologica Scandinavica (6.1%).
Discussion
In theory, systematic reviews are "application[s] of scientific strategies that limit bias to the systematic assembly, critical appraisal, and synthesis of all relevant studies on a specific topic" (3) . When the process is conducted in a methodologically rigorous fashion and the results are interpreted in a clinically relevant manner, systematic reviews can summarize existing information on a specific topic in a succinct and comprehensive fashion, provide estimates of treatment effects, and pinpoint areas for future research by explicitly highlighting lack of high quality evidence.
The systematic review is a fairly new type of publication in anesthesia. The first anesthesia-related systematic review was published in 1989 (82) ; the first systematic review published in an anesthesia journal occurred one year later (57) . Since then, the number of systematic reviews has increased steadily. This trend is consistent with publication trends observed in other medical specialties (5, 88) . The findings of our appraisal highlight the content, challenges, and areas of strength of this type of literature.
Content in Anesthesia Systematic Reviews
A wide variety of topics in anesthesia have been systematically reviewed but the list is by no means comprehensive. Relatively few topics have been reviewed in most subspecialties or in areas of assessment, monitoring, and complications. Few pharmacological and no physiological topics have been the subject of systematic reviews. Reasons for these gaps may include the lack of relevant and valid data from original trials or lack of statistical methods for synthesizing the outcomes used in these areas. The majority of systematic reviews focused on discrete outcomes (incidence of postoperative nausea and vomiting) or continuous outcomes in which statistical methods exist for combining values (pain scores). As a result, most reviews examined topics relating to prevention or treatment.
Challenges in Evaluating and Interpreting Systematic Reviews
Although there is room for improvement in systematic reviews in anesthesia, we were encouraged to find that nearly half of all systematic reviews had minor or minimal flaws (OQAQ score of five or more) considering the relatively recent use of this type of literature in anesthesia. There were no statistically significant differences in quality between the type of journal or between individual anesthesia journals. The direction of the clinical conclusions (effective or not effective) in systematic reviews of prevention or treatment was also unrelated to the quality of the review.
In general, differentiation between flaws in methodology (failure to perform steps to limit bias) and flaws in reporting (failure to disclose procedures or criteria) could not be distinguished. At the time of this study, we used the OQAQ as a measure of overall quality as it was the only validated checklist of the methodological quality of a systematic review. However, the conclusions derived from the OQAQ are limited in that the checklist is unable to distinguish between the two types of flaws. It is possible that a methodologically sound systematic review could receive a low OQAQ score if methodological details were not reported. Therefore, we do not recommend that the reader dismiss reviews that received OQAQ scores less than five in this study; however, caution is advised when interpreting their conclusions.
Some of the challenges of evaluating the quality of systematic reviews could be rectified if peer-reviewed journals provide authors and peer reviewers with clear reporting criteria. The QUOROM statement is a checklist developed for reporting of systematic reviews and has recently been published (89) . The QUORUM statement recommends a structure of reporting details so that the methods are transparent; thus, the ability of evaluating methodological quality of a systematic review should be less hampered by reporting issues.
Currently, for readers just beginning to use systematic reviews, the OQAQ is a helpful checklist but it will be insufficient for readers who desire a greater appreciation of the methodological issues of systematic reviews. Basic instructions on interpretation and application of systematic reviews can be obtained from the Users' Guides to the Medical Literature series published in the Journal of the American Medical Association (90) . For more detailed discussions of systematic reviews, other resources are available (3).
Challenges in Performing Systematic Reviews
For individuals performing systematic reviews, how can the quality be improved? First, we need to pay close attention to the methodology of the primary trials that are conducted. A number of methodologists have demonstrated the concerns with validity, statistical analysis, and reporting observed in anesthesia randomized clinical trials (4, (91) (92) (93) . Inadequately reported trials tend to be biased in favor of experimental groups and result in inflated estimates of treatment effects (94) . In turn, inclusion of such trials can weaken inferences made in systematic reviews (95) .
Second, reviewers need to improve the method in which systematic reviews are conducted. As one group has stated, "statistical tests cannot compensate for lack of common sense, clinical acumen, and biological plausibility in the design of the protocol of a meta-analysis" (96) . Methodological guidelines have been published to assist reviewers in performing systematic reviews (2) . Initiatives such as the Cochrane Collaboration also provide reviewers opportunities to collaborate with each other in producing methodologically sound systematic reviews. The Cochrane Anesthesia Review Group was established recently to review anesthesia-related topics in a systematic fashion. (Further details can be found on their website http://www.cochrane-anesthesia.suite.dk/).
Based on the results from this study, we suggest that the methodological quality of systematic reviews in anesthesia could be improved by: 1) expanding the Data are expressed as percentages of total systematic reviews from anesthesia journals and total systematic reviews from non-anesthesia journals. search strategies used to find relevant studies (for example, use of more than one computerized bibliographic database plus citation review plus hand searching of journals); 2) using methods to avoid selection bias (for example, two reviewers to assess every study for inclusion in a systematic review); 3) using validated methods to evaluate the validity of each included study; and 4) assessment of potential sources of bias (for example, publication bias). For systematic reviews that perform quantitative analyses, quality of reviews and confidence in the conclusions could be improved by performance of heterogeneity testing and sensitivity analyses. Further details have been published elsewhere (3). Third, further advances in design and statistical methods are needed to enable reviewers to appraise and combine studies of natural history, diagnosis, prognosis, or harm. Recently, models are being developed to estimate rare adverse events in anesthesia and may be applied to systematic reviews (97) . Quantitative summaries of information relating to these issues would enable clinicians to weigh risks versus benefits and to better judge the effectiveness of a particular course of action.
Why Bother?
With the challenges in interpreting and using information from systematic reviews, why should a reader bother? Why not abandon systematic reviews altogether? We would contend that such an action would be analogous to shooting the messenger (98) . Despite the challenges discussed above, systematic reviews have already provided important insights to the anesthetic community. With the methodical and comprehensive collation of primary studies, systematic reviews help to clarify the limits of information from current anesthesia research. For example, we know much about the incidence of postoperative nausea and vomiting from systematic reviews but still know little about patient preferences for its treatment. Similarly, our belief (based on research data and clinical impressions) that incidence of postdural puncture headache is affected by shape and size of the spinal needle is confirmed by systematic review (37), yet relatively little information is available on the clinical course of this complication. In some areas, systematic reviews have forced us to reconsider our pattern of practice. For example, reviews on fluid therapy (21, 64) have resulted in renewed (and sometimes heated) discussion on fluid choices for resuscitation. Systematic reviews can show us the quality of our research efforts, demonstrate areas of bias (32) , and provide the impetus for improvement in the manner in which we conduct clinical trials (99) .
Additionally, systematic reviews can help unearth lack of evidence and assist in defining the research agenda. Increasingly, institutional review boards and funding agencies are requesting evidence to justify the rationale for clinical research projects. Systematic reviews are an efficient way to summarize preexisting work and highlight lack of evidence in an arena of research.
We are not advocating that readers, clinicians, researchers, editors, or policy makers should abandon the use of narrative reviews in their acquisition of knowledge. Narrative reviews can provide readers with a panorama of a broad subject whereas systematic reviews permit readers to scrutinize all the information relating to a specific question (98) . Each has a complementary role in the dissemination of knowledge in anesthesia. To use the review literature effectively, readers will need to become familiar with the strengths and limitations of both. As the rate of publication of systematic reviews continues to escalate, we believe that collaborative efforts between clinicians, researchers, methodologists, peer reviewers, and editors will be necessary (98) as we refine the systematic review as one of our tools for acquiring information and knowledge in the 21st century.
